Abstract Twelve cases of tracheobronchomalacia (TBM) cases were reviewed: five were pediatric, and seven were adult, two of which were due to relapsing polychondritis (RPC). In pediatric TBM, the malacic segments were short. Resection of the malacic segment in one case and laryngotracheoplasty with autologous costal cartilage in one case were unsuccessful. However, aortopexy gained good results. Two cases managed conservatively experienced gradual improvement of their symptoms. In adult TBM, plication of pars membranacea was not effective in one case. The insertion of a stent was minimally effective in one case, and distinctly in one polychondritic case. The other four cases managed conservatively have deteriorated gradually. From these findings, a new classification system is proposed. [Eur J Cardio-thorac Surg (1996) 
Pedtatrw TBM
). There were three males and two females. The ages of TBM onset ranged from 3 days to 8 months. The malacic portion involved the subglottis in one, the medlastinal trachea in two, and the left mare stem bronchus in two cases. The length of the malaclc portion was short with a crescent-shaped malacia (anteroposterior narrowing) in all cases. Associated anomalies included omphalocele in two, tracheoesophageal fistula (TEF) in two, ventrlcular septal defect (VSD) m two, coarctation of the aorta in one, agenesis of the corpus callosum in one, hypoplasia of the left pulmonary artery in one, and vascular ring with right aortic arch in one case. (Fig. 2) . Seven male adults with TBM were identified in a retrospective review. They ranged in age from 34 to 69 years. Symptoms included progressive dyspnea, stndor and cough syncope.
Adult TBM
Cases 11 and 12 had complained of pain in the earlobe, nose and ribs, besides dyspnea. The duration of symptoms ranged from 1 to 10 years.
The diagnosis of TBM was made by frontal and lateral X-ray films, and bronchofiberscopy, with expiratory narrowing greater than 80%. The malacic segment was extensive, involving the full length of the trachea and mare stem bronchi in all cases but one (case 8) , in which only the left lower bronchus was malacic. Collapse was crescent-shaped m three, saber-sheath shaped (lateral narrowing) in two, and circumferential in two cases. Bronchofiberscopy in cases 11 and 12 revealed reddening and thickening of the walls of the central airways. Pulmonary function tests revealed an abnormally low maximum expiratory flow at 50% and 25% lung volume (Vs0, and V25 ) in all cases, and an abnormally low forced expiratory volume in 1 s (FEVI) and peak flow rate (PFR) in all cases except case 8 (Table 1) . Airway resistance was elevated in all cases tested. In cases 11 and 12, hlstologic examinations of biopsled ear cartilage revealed destruction of the cartilage and lymphocytic infiltration. These findings led to the diagnosis of relapsing polychondritis (RPC). (Fig. 1) . Treatment was individualized. Circumferential resection and anastomosis of the left main bronchus was performed in case 1, laryngotracheoplasty with autologous costal car- Fig. 1 (Fig. 3 ) and intubatlon of a T-tube was performed in case 2 and aortopexy with division of the vascular ring (ductus arteriosus) was performed in case 4. Cases 3 and 5, both associated with TEE underwent tracheostomy and intubatmn of a Portex tube, and were managed with respiratory assist temporarily for 7 months. (Fig. 2) . In case 6, plicanon of pars membranacea of the trachea and both main stem bronchi was performed (Fig. 4) . In case 10. a Dumon tube [9] was inserted, and changed to two pieces of expandable metallic stent (EMS) after 10 months [31] , because of difficulty of expectoration. Cases 7, 8, 9 and 11 were managed conservatively, with steroids and bronchodilators. Case 12 underwent insertion of a Dumon tube because of progression of dyspnea. However, it resulted in perforation of the pars membranacea of the distal trachea and left main bronchus. Patch closure with esophagus was performed ( Fig. 5) , and the reconstructed region was covered with a latissimus dorsi muscle flap. On the 22nd day after the operation, five pieces of EMS were inserted.
Methods

1, Pediatric TBM
Adult TBM
Results
Pediatric TBM (Fig. 1)
The outcomes of these cases were as follows. Case 1 experienced recurrent atelectasis of the left lung after the operation. Two attempts at balloon dilatation were unsuccessful. The patient died of pneumonia at age 3. In case 2, malacia developed at the oral portion of the operated region, and the patient has not been extubated 6 years after the operation. In case 4, the operation led to complete remission of symptoms. Cases 3 and 5 were extubated after several months, and then experienced gradual improvement in their symptoms.
Adult TBM (Fig. 2)
Case 6 died of respiratory failure without any improvement of his symptoms. Plication of pars membranacea was uneffective, because the obstructive disorder might have been mainly due to narrowing at the more peripheral airways. Case 10 is currently alive with minimal improvement of his symptoms 1 year after this procedure. However, postoperative respiratory function tests have revealed no improvement. Cases 7, 8, 9 and 11, managed conservatively, are alive with gradual progression of their symptoms. Case 12's symptoms improved, and his respiratory function improved: %FEV~ from 17% to 56%, PFR from 15% to 22%, "~0 from 6% to 17%, V25 from 7% to 16%. He was discharged home from hospital. This case suggests that the lesion in RPC is located only in the central airways. 
Discussion
Pediatric and adult TBM Our data demonstrate that the characteristics of pediatric and adult TBM are different (Table 2 ). In children, the disease is localized to a relatively short segment of a central airway, while TBM in adults is extensive and involves the entire central tracheobronchial tree. Most adult patients also had small airway obstruction, either asthma or chronic emphysema [36] . Their expiratory flow-volume curves revealed a low PFR and a rapid decrease in flow. This ex- [4, 13, 17] . Wailoo [43] found that, among 40 patients with TEF, 34 (85%) had an associated abnormality of the trachea. Vascular anomalies are also commonly associated with TBM and may produce tracheal compression [7, 22] , as in Case 4. Tracheobronchomalacia in adults is a progressive disease [14, 25] , and ventilatory function deteriorates with age. On the other hand, pediatric TBM is not progressive, and spontaneous improvement occurs in some cases (Cases 3, 5) . This improvement may be due to growth and development of the tracheobronchial cartilage [6] .
Aortopexy or division of the vascular ring improves symptoms rapidly in many cases of pediatric TBM [5, 20, 26, 40] . However, this intervention is not indicated for bronchial malacia [12, 24, 41, 42] . Segmental resection of malacic bronchus was not effective, maybe due to the difficulty in judging the extent of malacia. Tracheoplasty with costal cartilage was ineffective, too. This may be due to the absorption of cartilage and growth of granulation tissue.
The results of surgical procedures to treat TBM in adults are not satisfactory, although several methods have been tried [1, 18, 19, 21, 23, 29, 38, 39, 44] . However, the development of appropriate airway stents may lead to success, especially in the cases without small airway disease. Patch closure with the esophagus is an excellent method in cases of stent accident.
Classification of TBM
As described above, pediatric TBM and adult TBM represent two distinct clinical entities, requiring quite different clinical management. Accordingly, we have developed a classification system which takes these differences into account.
Mair [30] has classified major airway collapse in children into three types: type 1 lacks external compression and corresponds to "primary tracheomalacia"; type 2" is characterized by extrinsic tracheal and/or bronchial compression, which originates mainly from cardiovascular anomalies, tumor or cysts, or deformities of the chest wall (this type may be congenital or acquired): type 3 is an acquired malacia arising from prolonged increased ventilatory airway pressure, tracheostomy or inflammation (this type is seen most frequently in tracheostomized children). Greenholz [15] has classified pediatric TBM into primary (congenital), and secondary (acquired) TBM, and has di- [3] has classified congenital TBM into primary and secondary, and divided the former into three subtypes: (1) TBM in premature infants, (2) TBM in mature infants and (3) developmental abnormality of the tracheobronchial cartilage. The latter is divided further into three subtypes: (i) association with TEl?, (ii) compression by the innominate artery and (iii) compression by a vascular ring, congenital cyst, or neoplasm. Few systems for classifying adult TBM have been proposed. Classification by macroscopic clinical findings is used sometimes, e.g., anterioposterior narrowing as "crescent type" and lateral narrowing as "saber-sheath type" [14] . Feist [11] has identified contributing etiologic factors: (1) tracheostomy, (2) chest trauma, (3) chronic irritation, (4) inflammation, (5) mechanical anatomic factor, and (6) malignancy.
Although pediatric TBM and adult TBM are fundamentally different, they do share some subtypes. We propose a new classification system for TBM based on the differences between pediatric and adult disease (Table 3) . "Pediatric type" in this classification means congenital, and can be divided into generalized and localized subtypes. "Generalized type" requires involvement of the entire trachea, or trachea and bronchi. This type was not registered in our series; however, in Greenholz's series [15] diffuse type accounted for 29% (6/28) of primary tracheomalacia and Mair [30] has reported four cases of severe malacia involving the trachea and bronchi, out of 38 cases of pediatric TBM. The majority of cases of pediatric type are localized. All cases in our series were of this type, and the clinical presentation and choice of treatment depended on the location of the involved segment. For this reason, we divided localized disease into subglottic, tracheal, or bronchial. Aortopexy is indicated for the majority of cases of the tracheal type. The subglottic and bronchial types require another approach, such as anterior cricoid suspension [2] , or laryngotracheoplasty with costal cartilage graft [8] for the subglottic TBM and splint implantation or bronchopexy for bronchial TBM [27] .
"Adult type" is also divided into three subtypes: "idiopathic type" is the most common type and involves the trachea and major bronchi, and is associated with peripheral airway disease [37] , "polychondritic type" is the result of relapsing polychondritis [10, 32, 34, 35] . In this type of TBM the central airway cartilage becomes inflamed and degenerates, as does cartilage in other areas of the body. The clinical presentations of the idiopathic and polychondritic types are similar, because they both involve the central airways diffusely. However, the absence of a clear etiology in one and the presence of a causative factor (autoimmune disease) in the other justifies differentiating these two conditions. Furthermore, as the polychondric type lacks small airway obstruction, the treatment modality may differ. The "localized type" is also idiopathic, but appears to be less severe than the idiopathic type; case 8 in our series belongs to this type, and some reports support the presence of this type [28] .
"Secondary type" is seen in both children and adults, and is either vascular, traumatic, or neoplastic, depending on the cause. "Vascular type" [7, 20, 22] occurs when the airway is compressed by a vascular anomaly and is more common in children. It is sometimes difficult to distinguish this type from pediatric localized type, because it may not be clear whether the airway is compressed or weakened. "Traumatic type" [33] includes post-tracheostomy TBM [11] , and the "neoplastic type" [14] is due to compression by tumors or cysts.
The classification system proposed in this article is based on etiology and provides a common language for communicating about TBM. It also provides a framework for comparing treatment modalities in different settings.
